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-The hypothesis that cerebrovascular autoregulation was not impaired during head-up tilt (HUT) that followed brief exposures to varying degrees of prior head-down tilt (HDT) was tested in 10 healthy young men and women. Cerebral mean flow velocity (MFV) and cardiovascular responses were measured in transitions to a 60-s period of 75°H
UT that followed supine rest (control) or 15 s HDT at Ϫ10°, Ϫ25°, and Ϫ55°. During HDT, heart rate (HR) was reduced for Ϫ25°and Ϫ55°, and cardiac output was lower at Ϫ55°HDT. MFV increased during Ϫ10°HDT, but not in the other conditions even though blood pressure at the middle cerebral artery (BPMCA) increased. On the transition to HUT, HR increased only for Ϫ55°condition, but stroke volume and cardiac output transiently increased for Ϫ25°and Ϫ55°. Total peripheral resistance index decreased in proportion to the magnitude of HDT and recovered over the first 20 s of HUT. MFV was significantly less in all HDT conditions compared with the control in the first 5-s period of HUT, but it recovered quickly. An autoregulation correction index derived from MFV recovery relative to BPMCA decline revealed a delay in the first 5 s for prior HDT compared with control but then a rapid increase to briefly exceed control after Ϫ55°HDT. This study showed that cerebrovascular autoregulation is modified by but not impaired by brief HDT prior to HUT and that cerebral MFV recovered quickly and more rapidly than arterial blood pressure to protect against cerebral hypoperfusion and potential syncope. push-pull effect; transcranial Doppler ultrasound; cerebrovascular autoregulation THE "PUSH-PULL EFFECT" was first shown experimentally by Banks et al. (3) on the basis of rapid transitions on an acceleration platform from gravity oriented toward the head (ϪGz) to gravity oriented toward the feet (ϩGz). The ϪGz to ϩGz transition caused a greater reduction in mean arterial blood pressure (MAP) than was observed if normal 1 G gravitational stress was the baseline prior to ϩGz acceleration, and the effect on MAP was increased as the duration of prior ϪGz was increased (2, 3) . Investigating the push-pull effect was of practical interest as a potential explanation for increased risk for loss of consciousness in jet fighter pilots during maneuvers (19, 20) .
Responses of MAP during tilt table experiments with transitions from head-down (HDT) to head-up tilt (HUT) (10, 22, 23) were similar to those observed by Banks and colleagues (3) with an acceleration platform. The mechanism underlying the exaggerated reduction in MAP with the push-pull effect was speculated to be neural in origin, related in part to a delayed or inappropriate vascular response following large and rapid increases in carotid sinus pressure followed by rapid decreases (7). However, a potential role of cardiopulmonary baroreceptor response to the increased pressure with a transient movement of blood into the thorax (29) might be involved, while experiments with autonomic ganglionic blockade in dogs (30) and centrally acting ␣ 2 -receptor blockade in humans (23) revealed the importance of myogenic responses in the lower limb vasculature. That is, the transient reduction in arterial pressure during HDT induced excessive vasorelaxation in the lower limbs that recovered slowly on return to HUT (23, 30) .
Loss of consciousness with acceleration or with HUT is a direct consequence of a reduction in cerebral blood flow (28) . While it is evident that a reduction in blood pressure at the level of the middle cerebral artery (BP MCA ) with HUT would initially be associated with a decline in cerebral blood flow, cerebrovascular autoregulation counters the decrease in BP MCA with rapid reductions of cerebrovascular resistance (CVR), so the cerebral blood flow is quickly restored toward the baseline value (1, 12, 17, 24) . During the push-pull maneuver, one study identified an increase in cerebrovascular resistance during brief exposure to Ϫ1 Gz HDT prior to ϩ1 Gz HUT that contributed to the decline in cerebral blood flow. In contrast, a study with an 8-m-radius human centrifuge using transitions from ϩ1 Gz or Ϫ2 Gz for 10 s to ϩ2 Gz found that prior Ϫ2 Gz exaggerated the reduction in cerebral blood flow velocity and tissue oxygenation, but the adaptation of an index of cerebrovascular resistance remained intact and was not different between conditions (26) . Thus, unlike the peripheral cardiovascular responses resulting from the push-pull effect (22, 23, 30) , the cerebrovascular responses have not been clarified.
The current study was designed to investigate the primary hypothesis that cerebrovascular autoregulation would remain intact during HDT and respond rapidly and appropriately in a transition to HUT, enabling a quick recovery of cerebral blood flow. To test the impact of varying levels of "push" effect, three different angles of HDT were imposed prior to HUT. The dynamic cerebrovascular adaptation was assessed by an autoregulation correction index derived from MFV recovery relative to BP MCA decline.
MATERIALS AND METHODS
Participant description. Ten healthy adult men and women, all nonsmokers (32.3 Ϯ 6.3 yr, height 167.4 Ϯ 7.2 cm, weight 62.2 Ϯ 10.3 kg), volunteered for this study and provided written, informed consent after receiving a complete written and verbal description of the experimental procedures and potential risks, in accordance with the policies of the Office of Research Ethics of the University of Waterloo, which approved this study. All participants were instructed to refrain from consuming alcohol, caffeinated beverages, and engaging in vigorous exercise for 24 h prior to testing, and a light meal was preferred 2 h before testing.
Experimental design. All tests were conducted on a manually controlled tilt table, which allowed transition of the body from Ϫ55°h ead down tilt (HDT) to 75°head up tilt (HUT) within 2 s. Shoulder blocks and a bicycle saddle were fixed and adjusted well to prevent the body from moving during rapid transition from HDT to HUT. Another function of the saddle was to ensure relaxation of the legs avoiding muscle contraction during HUT. Two straps around the chest and legs were used to firmly and comfortably secure the participants to the table.
After instrumentation and before actual testing, familiarization was provided between Ϫ55°head-down tilt for 15 s with a rapid transition to 75°head-up tilt (65°/s). This minimized psychological responses to the posture change.
After being in the supine position for 5 min, 2 min of baseline data was collected. Then the participants remained horizontal or were moved to one of three randomized HDT angles: Ϫ10°, Ϫ25°, and Ϫ55°(corresponding with vector components of Ϫ0.17, Ϫ0.42, Ϫ0.82 Gz) for 15 s prior to being moved rapidly to HUT (75°) for 1 min. To ensure the participant returned to a stable baseline before the next tilt, 5 min of supine rest was arranged between each tilt task.
Data acquisition. Continuous estimates of arterial blood pressure (systolic, SBP; diastolic, DBP) were determined using finger-cuff plethysmography internally calibrated by a return to flow arm cuff (Finometer PRO, Finapres Medical Systems, Amsterdam, The Netherlands), and height-corrected to the heart. Arterial pressures were corrected to a standard arm cuff measurement by subtracting the difference between a 2-min period of resting beat-by-beat data and duplicate arm cuff values obtained on the same arm prior to initiating the finger pressure collections. Heart rate was measured from the R-R interval of the electrocardiogram (Colin Pilot, Colin Medical Instruments, San Antonio, TX). An estimate of cardiac output (Q MF) was obtained from the finger arterial pulse wave with the Modelflow algorithm that incorporates age, sex, height, and weight as the factors to estimate stroke volume (SV) (14) .
Blood pressure at the middle cerebral artery (BPMCA) was calculated as BPMCA ϭ MAP Ϫ (distance in cm from heart to MCA ϫ 0.735 mmHg/cmH2O). A water-filled catheter was positioned at the cerebral Doppler probe and connected to a pressure transducer placed at the height corrector of Finometer to establish the hydrostatic difference (in cm) between MCA and heart level.
Transcranial Doppler ultrasound (TCD) with a 2-MHz pulsed Doppler probe (DWL, Germany) was placed over the right temporal window to allow for the insonation of the M1 segment of the middle cerebral artery (MCA). The probe was held in place using an adjustable headband throughout the testing. Cerebrovascular resistance index (CVRi) was calculated as arterial pressure at the level of the MCA (BPMCA) divided by mean MCA mean flow velocity (MFV).
Breath-by-breath CO2 was sampled through a nasal cannula and analyzed by infrared spectroscopy (Colin Pilot, Colin Medical Instruments, San Antonio, TX). End-tidal CO2 (PETCO 2 ) values were converted to millimeters Hg based on atmospheric temperature and pressure.
All signals were output at 1,000 Hz from a PowerLab (ADInstruments, Australia) and recorded onto a computer running LabChart 7.3.7 for future analysis. The signal from Finometer was shifted Ϫ1 s, and QMF was shifted one beat back to compensate for Finometer's internal digital signal processing delay. The signals were linearly interpolated at 1-s intervals.
Data analysis. Baseline data were obtained from 30 s of steady conditions before tilting. During 15 s of HDT, the initial 7 s were averaged and referred to as HDT 1, and the final 8 s were called HDT 2. The first 20 s of HUT data were divided to four segments every 5 s, and later 40 s were divided to two segments every 20 s.
Dynamic regulation of cerebral blood flow was assessed by time to reach nadir and a cerebrovascular autoregulation correction index. The time to reach nadir (T1) was identified visually on linearly interpolated recording of TPR, CBFV, and CVRi with analysis completed independently by two researchers involved in this testing and averaged. The autoregulation correction index was calculated as (MFVmeasured Ϫ MFVpredicted)/(MFVbaseline Ϫ MFVpredicted), where MFVpredicted ϭ MFVbaseline ϫ (BPMCAmeasured/BPMCAbaseline).
Statistics. All data were expressed as means Ϯ SD. Statistical testing was established a priori as two separate phases: the first compared the HDT to the baseline and between conditions, the second phase compared the HUT period between conditions. For each phase, all variables were compared using a two-way repeated-measures ANOVA with main effects of condition of prior HDT (Ϫ10°, Ϫ25°, and Ϫ55°) and time. The time to nadir was assessed by one-way repeatedmeasures ANOVA. When significant effects were observed, the HolmSidak method was used for comparisons among the factors. The data were analyzed using SigmaPlot 12.5 (Systat Software). All the graphs were made by Origin 8.1 (OriginLab).
RESULTS

Central cardiovascular and PET CO responses.
During the HDT periods, there was a significant main effect of time (P ϭ 0.001) and a significant condition ϫ time (P ϭ 0.002) interaction effect for each of HR, MAP, SV, and Q MF (see Supplemental Table A1 , available with the online version of this article). HR was significantly reduced relative to the supine baseline for the Ϫ25°and Ϫ55°conditions and was lower during Ϫ55°than Ϫ10°( Table 1, Supplemental Table A1 ). MAP had a significant main effect of time and was elevated in the first HDT period compared with both baseline and HDT2. Estimated Q MF had significant main effects of condition and time, and an interaction of condition ϫ time. Q MF was reduced from baseline in the Ϫ25°condition only during the HDT1 period, while it was reduced at both HDT1 and HDT2 with Ϫ55°, and it was also lower than the other HDT angles. SV had significant condition, and condition ϫ time interaction, and was reduced at Ϫ55°compared with baseline and relative to the other HDT angles. There were no effects of HDT on PET CO . Cardiovascular responses were altered following rapid HUT with the magnitude of change dependent on the degree of preceding HDT. With the exception of PET CO , there were significant main effects during HUT of condition and of time as well as the interaction of condition ϫ time for each of HR, MAP, SV, and Q MF (see Supplemental Table A2 , available with the online version of this article). HR was elevated in the first 15 s following Ϫ55°HDT compared with control and the other HDT angles (Table 1) . MAP was markedly affected on HUT with significantly greater reductions noted with greater prior HDT angle at 5 s of HUT. At 10 s HUT, the Ϫ25°and Ϫ55°HDT conditions MAP remained reduced compared with control, and Ϫ55°was different from Ϫ25°and Ϫ10°, while at 15 s only, Ϫ55°remained lower than control. There were no differences in MAP after 20 s in HUT position. SV estimated by Modelflow was significantly elevated above control at 5 and 10 s for each of the prior HDT conditions and remained elevated for Ϫ25°and Ϫ55°at 15 s and for Ϫ25°at 20 s. Q MF was elevated compared with control for all prior HDT conditions at 5 and 10 s and remained elevated for Ϫ25°and Ϫ55°1 at 15 s and for Ϫ55°at 20 s. Q MF was also elevated in the Ϫ55°c ondition compared with Ϫ10°through the first 15 s and compared with Ϫ25°at 10 s. PET CO 2 was not significantly different between conditions during HUT (Table 1) . Systemic total peripheral vascular resistance. The index of total peripheral resistance (TPRi) measured during the prior HDT period had significant main effects of condition and time, as well as the interaction (see Supplemental Table A1 ). There was a greater elevation in Ϫ55°condition compared with Ϫ25°a nd Ϫ10°prior HDT at both the HDT1 and HDT2 time points (Fig. 1) . With HUT, significant main effects of condition and time were observed along with the interaction effect (see Supplemental Table A2 ). The magnitude of decrease in TPRi was affected by prior HDT with significant reductions for all prior HDT compared with control in the first 10 s. Further, the decrease following Ϫ55°was greater compared with Ϫ10°and Ϫ25°, and the decrease following Ϫ25°was greater compared with Ϫ10°during the first 10 s of HUT. This decrease continued at 15 s in Ϫ25°and Ϫ55°HDT condition with the reduction following Ϫ55°HDT greater than that of Ϫ10°. At HUT for 20 s, only Ϫ55°was still different from control. Cerebrovascular responses. BP MCA was increased during HDT with significant main effects of condition and time as well as a significant interaction reflecting increases related to the greater HDT angle (Fig. 2A) . Significant main and interaction effects were also observed during HUT, with BP MCA significantly lower than control in the first 15 s following Ϫ55°H DT, for 10 s after Ϫ25°, and for only 5 s following Ϫ10°H DT. The reduction in BP MCA for the Ϫ55°condition was greater than after Ϫ10°and Ϫ25°HDT in the first 10 s. A difference was also detected between Ϫ10°and Ϫ25°at 5 s. In all conditions, the BP MCA remained reduced during HUT with respect to the supine baseline. Cerebral blood flow velocity. There was a significant main effect of condition, but not of time nor an interaction effect for mean blood flow velocity in the MCA (MFV, see Supplemental Table A1), with Ϫ10°HDT being different from Ϫ25°and Ϫ55° (Fig. 2B) . On moving to HUT, there was no significant difference between conditions, but time and the condition ϫ time interaction were significant (see Supplemental Table A2 ). Only in the first 5 s of HUT was MFV reduced relative to control in all tilts that followed HDT, and a difference was detected between Ϫ10°and Ϫ55° (Fig. 2B) . Overall, MFV was slightly reduced during the HUT compared with the supine baseline position.
Cerebrovascular resistance indexes. Head-down tilt resulted in significant main effects of condition and time, as well as the interaction (see Supplemental Table A1 ) with increases of CVRi during Ϫ25°and Ϫ55°, with differences between the levels of HDT (Fig. 2C) . On moving to HUT, there were significant main effects of condition and time as well as the interaction (see Supplemental Table A2 ). CVRi in control was significantly reduced, and the reduction in CVRi in the first 10 s was exaggerated after prior HDT with the greatest drop following Ϫ25°and Ϫ55°HDT. CVRi remained less than Control at 20 s in Ϫ55°HDT condition with differences between the prior tilt angles (Fig. 2C) .
Peripheral and cerebrovascular response and recovery. The time to reach the nadir response of TPRi on moving to HUT was significantly greater for each of the prior HDT angles compared with control (Table 2 ). There were no differences in the time to nadir for the MFV responses for control compared with any of the prior HDT angles. The time to nadir for CVRi was longer following prior Ϫ10°and Ϫ25°HDT, but not for prior Ϫ55°HDT.
The calculated cerebrovascular autoregulation correction index (Fig. 3) displayed a complex pattern of adaptation assessed by two-way repeated-measures ANOVA revealing significant main effects of condition and a condition ϫ time interaction. The within-condition time effects are presented in Supplemental Table A1 . The differences between groups at each time point are summarized: at 5 s after HUT, each of the prior HDT angles (Ϫ10°, Ϫ25°and Ϫ55°) was significantly reduced compared with control; at 10 s after HUT, Ϫ55°and Ϫ25°w
ere increased compared with Ϫ10°; at 15 s, Ϫ55°was greater than control; at 20 s, Ϫ55°and Ϫ25°were greater than Ϫ10°; and at 40 s, Ϫ55°was greater than Ϫ10°.
DISCUSSION
Dynamic cerebrovascular regulation during a HUT maneuver was challenged in the current study by brief periods of preceding HDT at different angles. These tilt table maneuvers, which simulate the "push-pull effect," have been known to challenge and delay regulation of arterial blood pressure (10, 22, 23) . Indeed, in the current study the decrease in BP MCA on moving to HUT was greater and for a longer duration as the degree of prior HDT was increased. In the first 5 s, the recovery of MFV expressed by the autoregulation correction index lagged the control condition for all prior HDT conditions. However, by 10 s, autoregulation correction index did not differ from control for any of the prior HDT conditions, by 15 s, the index for the Ϫ55°HDT condition exceeded control, and at 20 s, both Ϫ55°and Ϫ25°HDT exceeded the Ϫ10°HDT condition. The consequence of the rapid recovery of autoregulation was that cerebral MFV was similar to the control condition before 10 s of HUT for all of the prior HDT angles. These results support our hypothesis that cerebrovascular autoregulation remained intact regardless of the prior HDT position. The current data contrast with a report of sustained, ϳ20 s, increase in cerebrovascular resistance after HDT (31) and reveal that prior HDT as used in the current study does not negatively impact cerebrovascular regulation.
Systemic cardiovascular responses. The push-pull paradigm causes a greater and more prolonged reduction in arterial blood pressure with the transition from HDT to HUT compared with the supine to HUT maneuver. The stimulation of the carotid baroreceptors in the HDT position could delay the appropriate vasoconstrictor response on moving to HUT (10) . HDT also increases the pressure at the cardiopulmonary baroreceptors potentially contributing to suppression of sympathetic nerve activity during postural transition (29) . However, alternative explanations for the vascular responses of the lower body on transitions from HDT to HUT have been suggested (23, 30) . In the HDT position, distending pressures in the arteries and veins of the lower limbs are reduced. On the venous side, this means that with transition to HUT venous volume and pressures are initially low as the veins refill, allowing for transient increase in arterial-venous pressure gradient and blood flow. As well, arteries and arterioles in the lower parts of the body relax by myogenic mechanisms in response to the reduction in distending pressure as confirmed in carefully controlled studies in dogs (30) and humans (23) . From these studies, Sheriff and colleagues concluded that the sympathetic nervous system is active in the vasculature of the legs but that it neither contributes to, nor guards against, the peripheral vascular response to the push-pull effect. The graded effect of prior HDT on the magnitude of decline in TPRi, determined from MAP/Q MF , with HUT is consistent with a myogenic effect on resistance vessels in the leg.
The current study revealed additional information about the cardiac output response to the push-pull effect. Previously, Sheriff and colleagues (22, 23) measured, by Doppler ultrasound, increases in stroke volume and cardiac output on transition from Ϫ15°HDT to ϩ30°HUT that were greater than from supine to HUT position. Similar observations were made with Modelflow estimates (10). In the current study, the Modelflow approach revealed in the transitions to 75°HUT that the magnitude of increase in cardiac output was greater as the magnitude of prior HDT increased. The mechanisms underlying the transient increase in cardiac output on HUT might relate to blood volume stored in the lungs during HDT and the reduction in right ventricular pressure associated with HUT, allowing greater left ventricular filling, as venous return is reduced on HUT (22, 25) . A summation of the total volume of blood ejected by the heart in the first 15 s after HUT suggested a net increase of about 400 ml for the Ϫ55°HDT condition compared with control. It is also possible that the increase in stroke volume and cardiac output resulted from the reduction in afterload (MAP) even if cardiac filling pressure was reduced with HUT. The increase in heart rate contributed significantly to the increase in cardiac output only for the Ϫ55°HDT condition.
The reduction in MAP with the concomitant transient increase in cardiac output in the first 10-15 s after HUT established an interesting set of conditions for regulation of cerebral blood flow. Several studies have shown a strong correlation between MFV and cardiac output (27, 28) , while others did not (4, 15, 16 ). In the current study, there was no relationship between cardiac output and MFV. In the first 5 s after HUT following prior HDT, cardiac output was elevated while MFV was reduced. MFV recovered while cardiac output was elevated and when cardiac output recovered to the control values. However, in the current study some caution should be applied to interpretation of estimates of cardiac output from the pulse contour analysis by the Modelflow algorithm as the method has bias when peripheral vascular resistance and arterial compliance are acutely modified (8) .
Dynamic cerebral regulation. This is the first study to investigate cerebrovascular regulation with rapid transitions to HUT from various HDT positions. We observed that even with the maximum drop in BP MCA of ϳ75 mmHg within 2 s during the transition from Ϫ55°HDT to 75°HUT that CBFV recovered to control levels in less than 10 s. As the mean BP MCA after the Ϫ55°HDT was ϳ31 mmHg in the initial 5 s of HUT, the ability to autoregulate might be quite remarkable, appearing to extend, in this group of healthy, young adults, below the range of about 50 -170 mmHg normally indicated for static autoregulation (1) .
There were differences in the cerebrovascular response to HUT that were dependent on the prior supine or HDT condition. In the control condition for the first 5 s after HUT from supine baseline, the measured MFV was only slightly less than baseline (62.8 vs. 61.6 cm/s) even though BP MCA was reduced by 32.4 mmHg. The calculated autoregulation correction index for control was close to 1.0 in this initial phase, but then it declined and stabilized near 0.8. In contrast for the prior HDT conditions, the autoregulation correction index was about 0.7 in the first 5 s, but rapidly increased so that by the second 5-s period, none of the prior HDT conditions differed from control. The greater autoregulatory response to HUT following the largest prior HDT angle (Ϫ55°) was necessary to restore MFV in the face of the greater and more prolonged reduction in BP MCA in this condition. Interestingly, at the 15-s point, the response following Ϫ55°was greater than control. Beyond this time, the autoregulatory responses tended to be more consistent across the prior supine or HDT conditions with all achieving approximately 70 -80% correction. Reductions in MFV in upright posture compared with supine, as observed here, are well documented, but the mechanism is not clear, with possible contributions from reductions in cardiac output or arterial PCO 2 (6, 13, 21) , or simply an incomplete correction. The current study suggests that changes in magnitude and rate of application of perfusion pressure can influence at least the early autoregulatory responses.
Calculation of CVRi does not account for the perfusion pressure gradient across the cerebral circulation, as determined by not only arterial side pressure, but intracranial pressure (1), nor does it account for potential changes in cerebrovascular compliance. In the transition, the perfusion pressure gradient is not known and cannot be predicted. However, an alternative explanation to a rapid reduction in CVRi that could account for the relatively small reduction in CBFV with HUT, and its rapid recovery, derives from discussions of the "siphon effect" in the cerebral circulation. A Point-Counterpoint series on this topic provided a rationale for and against the mechanism for blood flow through the brain being described as a siphon (9, 11) . Evidence against a siphon, and more in line with a vascular waterfall, could be obtained from the necessity to maintain arterial perfusion pressure in conditions of sustained HUT (28, 32) , the requirements for elevated central arterial pressure in giraffes, or visual observation of collapsed internal jugular veins in HUT (9) . However, consistent with a siphon effect, it is possible that in the transient period of the rapid tilt that a continuous column of blood from arterial to venous circulations was maintained (11) , allowing blood to flow to the head against gravity under very low perfusion pressure.
The conditions of the early phase of the rapid HUT following HDT differ from the many studies that have investigated dynamic cerebrovascular regulation in postural transitions from supine to head-up, or sitting to standing (24, 32) . A study describing a transition from Ϫ90°to ϩ90°tilt reported that calculated Doppler resistance index was elevated during HDT and remained elevated for up to 20 s after HUT (31) . The authors suggested that the increase in resistance index during HDT was protective, but that the sustained increase could contribute to cerebral hypoperfusion during the HUT. A subsequent preliminary investigation reported on the cerebrovascular response of four men at the midpoint of a 30-s period of twice force of gravity (ϩ2 Gz) on an 8-m centrifuge when preceded by 10 s at Ϫ2 Gz (26) . In contrast with the tilt table study (31) an increase in cerebrovascular resistance index was not observed with the transition from negative to positive acceleration; however, the early transient response was not reported in the centrifuge study. Thus the current study adds clarity to the understanding of the cerebrovascular response to the push-pull maneuver by showing that cerebrovascular regulation remains intact and is capable of responding rapidly to large changes in arterial perfusion pressure.
There are limitations with the measurement of cerebral blood flow velocity and the calculation of variables reflecting cerebrovascular function that must be acknowledged. First, the measurement is strictly of velocity without a measurement of MCA diameter. Recent studies have revealed changes in MCA diameter when arterial PCO 2 varies across a modest range (5). Likewise, drug-induced changes in arterial pressure have been associated with changes in MCA diameter (18) , although it was not clear from that study whether the pressure per se or the drugs caused the changes in diameter. Thus for the current study it is possible that myogenic alterations in cerebrovascular tone contributed to constriction of the MCA in HDT and dilation in HUT; however, there are no data to reveal such changes in the timeframe of this study. We calculated an autoregulation correction index directly from measured MFV and BP MCA . This determines the magnitude of adaptation assuming that the supine baseline is the reference value. A component of the adaptation is a dilation of cerebral resistance vessels, but changes in cerebrovascular compliance probably also contribute, especially during the transition phase.
Implications and conclusions. The current study has shown that a brief 10 -20% reduction in cerebral MFV occurred when a short exposure to HDT was followed by a rapid transition to 75°HUT. There was, however, a rapid recovery of MFV after the initial 5 s period for all previous HDT conditions, reflecting very efficient cerebrovascular autoregulation in support of our hypothesis and showing, contrary to a previous investigation (31) , that any increase in CVRi during the HDT was not sustained on transition to HUT. The mechanism responsible for the rapid cerebrovascular autoregulation appeared to be primarily myogenic in origin. However, the rapid recovery of MFV needs to be placed in perspective. The current maneuvers established a maximum HDT stress of nearly Ϫ0.9 Gz and a maximum HUT stress less than ϩ1 Gz. This contrasts with push-pull effects encountered with jet tactical flight maneuvers, in which the negative acceleration can exceed Ϫ2.0 Gz, and the positive acceleration can be as high as ϩ7 Gz. Under these latter conditions, one would predict that CBFV would drop to much lower values potentially resulting in grayout or even blackout.
